Preliminary stable oxygen isotope data are presented from the southern North Sea Basin successions, ranging from the Lutetian to Rupelian. Analyses were performed on fish otoliths, nuculid bivalves and benthic foraminifera and are presented as bulk 6
Introduction
As a proxy for earth's changing climate, 8 1 8 0 curves have been established for different regions all over the world. At the Eocene-Oligocene transition, several notable positive excursions in the curve have been recognised, mostly based on data from the open ocean (e.g., Zachos et al., 1996 Zachos et al., , 2001 Miller et al., 1991 Miller et al., , 1998 Abreu & Anderson, 1998; Bohaty & Zachos, 2003) . Beginning in the basal Oligocene, oxygen isotope values of marine carbonates become significantly more positive than those of the late Eocene. The earliest and largest magnitude shift has been termed the Oi-1 event, and occurred between 33.5 and 33.05 Ma (Zachos et al., 1996) , slightly later than the EoceneOligocene boundary at 33.7 Ma (Odin & Montanari, 1989) . Although the primary cause of this 8 1 8 0 shift remains controversial (e.g., Lear et al., 2000) , its global character is widely accepted and can thus be applied to resolve stratigraphic problems around that crucial time interval. The southern North Sea Basin ( Fig. 1 ) is of particular stratigraphic interest, because it is home of several unit-stratotype sections of the Paleogene, such as the Rupelian Stage which has been defined in the Boom Formation in northern Belgium (Dumont, 1849) . Although the regional stratigraphic framework of this region is well constrained, correlation to the international time scale is often hampered around the Eocene-Oligocene interval because of the absence of time-indicative calcareous index fossils. The base of the Rupelian unit-stratotype has been correlated to the Massignano section in central Italy by means of organic walled dinoflagellate cysts (Stover & Hardenbol, 1994; Brinkhuis & Visscher, 1995) Ziegler, 1990; Sissingh, 2003) . Coordinates represent present day U T M coordinates. B. Location of studied sections.
these results into a regional sequence stratigraphic framework and indicated that the Eocene-Oligocene GSSP correlates with a level between the Bassevelde 2 and Bassevelde 3 sequences, whereas the base of the Rupelian unit-stratotype belongs to the younger Boom sequence (see Fig. 2 ). Isotopic studies on the North Sea Basin are limited (e.g., Buchardt, 1978; Schmitz et al., 1996) and have never been applied in stratigraphic problems for the time interval discussed in this paper. The goal of this preliminary study is to document the 5 1 8 0 signal of the Eocene-Oligocene deposits in the southern North Sea Basin, compare it to the globally recognised Oi-1 event, and to evaluate its position in respect to the Eocene-Oligocene GSSP and the regional sequence stratigraphic framework.
Geological setting
During the terminal Eocene and transition to the Oligocene, northern Belgium occupied the southernmost part of the Cenozoic North Sea Basin ( Fig. 1 ) and today provides a well documented reference shelf section for that time interval. The Lower Oligocene Rupelian Stage has originally been defined in the stiff clays cropping out along the river Rupel in northern Belgium ( Fig. 1) , nowadays lithostratigraphically referred to as the Boom Formation (Fig. 2) . Recent sequence stratigraphic studies distinguish four depositional sequences within the Eocene-Oligocene transitional interval (Bassevelde 1, 2 and 3 and Boom 1 sequence; NP18-NP23; Vandenberghe et al., 2003) and interpret the Boom Formation as part of a second Fig. 2 . Positioning of the Oi-1 isotope event of Zachos et al. (1996) within the southern North Sea Basin composite section, by calibration with the Bohaty & Zachos (2003) oxygen isotope curve. Formations and Members that were sampled in this study are indicated in bold in the composite section (CS). (*) marks the base of the traditional Rupelian Stage; note the discrepancy with the official Eocene-Oligocene boundary GSSP.The Bassevelde 3 sequence corresponds to the marine tongrian deposits. Calcareous nannoplankton zonation for the lower part of the section after Steurbaut (1992) , for the upper part after Van Simaeys et al. (2004) . A summary of all age calibration methods is given in Van Simaeys et al. (2004) and dates are given according to Berggren et al. (1995) .
Oligocene sequence that starts at the base of the underlying Ruisbroek Sand Member. The older Bassevelde 3 depositional sequence hence makes up the first Oligocene sediments within the North Sea Basin. These insights result from detailed biostratigraphical correlations by means of dinoflagellates (Stover & Hardenbol, 1994; Brinkhuis & Visscher, 1995) , showing that the exact position of the EoceneOligocene boundary as defined by the GSSP in Massignano (Central Italy) falls at the base of the Bassevelde 3 sequence, well below the base of the traditional Rupelian unit-stratotype ( Fig. 2 ; Vandenberghe et al., 2003) .
The age of the North Sea Basin section is established based on detailed bio-and sequence stratigraphy, and is further constrained by magnetostratigraphic and geochemical anchor points (Stover & Hardenbol, 1994; Brinkhuis & Visscher, 1995; Vandenberghe et al., 2001 Vandenberghe et al., , 2003 Van Simaeys et al., 2004; Lagrou et al., 2004) . Appropriate age data for these anchor points as calibrated by Berggren et al. (1995) are summarized in Fig. 2 .
Materials and Methods

Results and discussion
Fish otoliths (ear stones, mainly from the family Congridae), nuculid bivalves (Nuculana deshayesiana), and benthic foraminifera (Cibicidoides spp. and nodosariids) from the above mentioned units were selected for analysis from core and outcrop samples in the southern North Sea Basin (Fig. 1) based on their size and quality of preservation. Otoliths and bivalves were sectioned and polished to reveal fresh aragonite within, and sample trajectories were drilled perpendicular to the axis of growth in pristine portions of the structures with a Merchantek MicroMill so as to subsume any intra-annual variation within the sample and thereby derive overall average bulk compositions. Three to five samples were collected in this manner from each specimen. Benthic foraminifera were prepared as in Thomas et al. (2000) . Between 5 and 50 cleaned specimens from each sample were crushed and pieces of test calcite selected for analysis. Stable oxygen isotope analyses were performed on a Finnigan MAT 251 mass spectrometer at the University of Michigan Stable Isotope Laboratory, and are reported relative to the VPDB standard.
56 fish otoliths, 14 nuculid bivalves, and 10 benthic foraminiferan samples were analyzed for this initial investigation. While otoliths provide the bulk of the data upon which this present analysis is based, wherever possible we have selected and sampled otolith, bivalve, and foraminiferan carbonate from the same sample horizons in order to enable the establishment of inter-taxon calibrations for use in future compilations. This will allow the extension of our record into the subsurface using borehole samples dominantly consisting of foraminifera, and across stratigraphic intervals in outcrop where only one of the three groups is present. In this manner, a more complete geochemical record can be generated from the middle Eocene through the Oligocene (De Man et al., in preparation) .
A composite section (CS) was constructed ranging from the Middle Eocene to Lower Oligocene in order to represent the sampled interval (Fig. 2) . The correlation between the fully marine sediments of the Campine area (northern Belgium) and the more marginal marine sediments of the Limburg area (central to northeast Belgium) is based on geophysical well log correlation (Vandenberghe et al., 2001 (Vandenberghe et al., , 2003 combined with calcareous nannoplankton (Steurbaut, 1992) and organic walled dinoflagellate (De Coninck, 2001) biostratigraphy. At present, no upper Eocene samples are included due to a lack of available outcrops; however we expect to remedy this deficiency using borehole samples in future analyses. middle Eocene and lower Oligocene samples, the former ranging from -2.5%o to -0.5%o and the latter from -0.5%o to +l%o (Fig. 2) . The lowermost Oligocene samples from the Grimmertingen Sands (near-shore equivalent of Bassevelde 3 sequence, see Vandenberghe et al., 2003, fig. 24 .7) still show prevailing low 8 1 8 0 values, ranging from -2.5%o to -0.5%o. Hence, the main 8 1 8 0 shift clearly falls above the Bassevelde 3 sequence, near the base of the traditional Rupelian Stage (or second Oligocene depositional sequence according to Vandenberghe et al., 2003) (Fig. 2) . Seen the magnitude of the observed 8 l s O shift (~1.5%o) and its stratigraphic position, it is believed to correspond to the Oi-1 event observed in the open ocean (comprising the Oi-1 a and Oi-lb of Zachos et al., 1996, Fig. 4, 6; Bohaty & Zachos, 2003) . It is unlikely that these results are biased toward more negative values by either diagenesis or freshwater influx. The Grimmertingen Sands have not suffered any significant diagenetic alteration, as shown by the unconsolidated nature of the sands and the preservation of original aragonite within the fossils. In addition, the presence of glauconite clearly points towards a marine origin of the sands, while the enclosed fossils give evidence for shelf conditions well below wave influence, away from potential estuarine areas (Winkelmolen, 1972; Vandenberghe et al., 1998, p. 141-144 is not yet available to unequivocally confirm these findings, but will be considered in future initiatives.
Conclusions
Preliminary oxygen isotope data from the well calibrated southern North Sea Basin successions indicate that the most significant positive shift in 8 l s O values (correlated to the Oi-1 event of Zachos et al., 1996) is situated well within the Oligocene if calibrated against the Eocene-Oligocene GSSP. This study proves that the Oi-1 event falls above the Bassevelde 3 sequence and is thus closely associated with the base of the traditional Rupelian unit-stratotype.
